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RESEARCH MEMORANDUM

INVESTTCGATION AT HIGH SPEEDS OF A EORTZONTAL-TAXL, MODEL
IN THE LANGLEY 8-FOOT KIGE-SPEED TUNNEL

By Ralph P. Blelat
SUMMARY

Pressure-distribution measurementis and elevator hinge-mcment
nmeasurements were made to determine the aerodynamic characteristics
of & horizontal-tail model having en NACA 65-108 airfoil section
equipped with & 30-percent-chord sealed unbalanced elevator and
e 10-percent-chord plain trim tab The tests were made for various
angles of attack and control-surface deflections at Mach numbers
ranging from 0.40 to 0.90. Data are presented for tests made with
the surfaces of the model smooth and also with boundary-layer
transition fixed at the @.10-chord station by a row of carborundum
grains on each surface.

The results of the investlgation indicated that for small
elevator deflecticns eand for Mach numbers up to 0.8 no adverse
changes in the lift-curve slopee, control-surface effectiveness,
and hinge-moment perameters occurred. At Mach numbers in the range
frem 0.85 to 0.90 the values of the lift-curve slopes showed an
abrupt decrease, the elevator effectiveness decreased rapldly, and
the negative value of rate of change of elsvator hinge-moment
coefficlent with elevator deflection Ch increased abruptly. The

Mach number range. Fixing transition at the ent-chord

tab effectivensess, however, remainod almost cogstant throughout the
station on both surfaces reduced the values of. ft-curve slopes

and the elevator effectivensss. The value of ﬁh nge-morent
paramster Ch6 was also reduced throughout the h number range.

o
&
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per hour. Up to the present time, however, asrodynamic data on the
component narts of an alrplane desipgned to operate at these high
ppcods have been lacking., Hence, e comprehemsive rcsearch program
has been underteken by the Natlonal Advisory Committee for Acronautics
in order to supply this information. Referencea 1 to b describe the
general acrodynamic characteristics for a wing of hlgh aspect ratio,.

n

The tests reportcd herein describe the characteristics of a
horizontal-tail model having an NACA 65-108 airfoil section and &
30 percent-chord secgsled unbalanced elevator equipped with a
10 percent-chord plain trim tab, The tests consisted of measurements
of the proessurecs at four spanwisc stations and clcvator hinge moments
at Mach numbers ranging from 0.40 to 0.90., The rosults Include the
pressure distributions, 1ift, span loadings, pitchineg moments, clevator
hinge momcnts, and tab characteristics, Some date ere also presented
which show the effocts of fixed transition at. the 10.percont-chord
pbtation on both the upper and lower surfaccs of the modcol.

SYMBOLS
a gpeed of sound I1n undigturbed etream
b span of model, feet (2)
be span of one elevator, fect (0.999)
c scction chord of model, feot
T root-mean-sguarc chofd of elevator measured behind hinge
axig, feet (0.136)
¢! meen aerodynemic chord of model, feet (0.519)
H eleovator hinge momcnt
M Mach number in undisturbed stream (V/a)
P . gtatic pressure 1n undisturbed streem
Py local static pressure. .8t point on model
P pregsure coefflicient (%ljé;l§>
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pressure coefficient corresponding to attainment of local
speed of sound at some point on model

dynemic pressure in undlsturbed streanl(%ﬁvé)

gross area of model, square feet (0.998)

velocity of undisturbed stream

distance slong chord from leading edge of airfoil mection
distance along semispan from center line

angle of sattack

control surface deflection with respect to chord line;
positive when tralling edge 1s down

mess density of undisturbed stream

elevator hinge-moment coefficient ({ .)

resultant pressure coefficient scross elevator Beal

- P
\,below seal ~ ebove sealj - ~
c
section normal-force coefficient iixjﬁ {PL - EU; dx§
‘\E O LY A J"

section pitching‘mcment coefficient about 25-percent-chord

station K*r f Py - PLHx 'E) )

| o L [b/e
normal-force coefficient | = cpc 4y

pitching-moment coefficient about 25-percent-chord station
\
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The subscripts ocutsilde the parentheses indicate the factors held
constant during the measurement of the parsmeters.

Subecripte:

L lower surface of airfoll section
t tab
U upper eurface of alrfoll section
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APPARATUS AND MODEL

The Langley 8-foot high-speed tumnel, in which the tests were
conducted, is of the single-return circular-cross-sectlon, closed-
throat typs. The asir-stresm turbulence in the tunnel is small but im
slightly higher than in free air. For these tests the airspeed was
continuously controllable to a choking Msch number of 0.950
(wmcorrected for tunnel-wall interference).

The horizontal-teil model tested hed sn NACA 65-108 airfoil
section, an aspect ratic of 4.01, a teper ratio of 2,01:1.00, end no
dihedral. The model was equipped with & 0.30c sealed, unbalanced
elevator and a 0.10c plain trim tab which hed e span equal to
50 percent of the elsvator span. The nose radius of the elevator was
approximately one-half the airfoil thickness at the hinge axis. The
model was constructed of medium hard brass except for the right -
elevator which was constructed of duralumin. Other pertinent data
for the model are given in figure 1 and in tebles I end I1. The
ordinates for the NACA 65-108 airfoil section ars given in table III.
From the TO-percent-chord station to the tralling edge the
NACA 65-108 airfoil section was modified to mske the sides of the
elevator and trim tab straight. The model was designed to operate
with the camber surface on the bottom. Thus the "lower surface"
ordinates specified in table IIT ars for the camber side of the
airfoil, The size of the model was kept small to insure the
atteinment of a‘'Mach number of 0.90 without choking the tunnel.

The right elevator, on which the elevator hinge moments were
measured, was attached to the stabilizer by needls-bearing hinges
of negligibls friction. Detalls of the scalied gap between the
stabilizer and the right elsvetor ers shown in figure 1. The
electrical strain gage used to mesasurs the elevator hinge momente
was fastensd to a speclal friction clamp which also permitted
adjustment of the elevator angle. Static calibration itests were
made of the right slevator to permlt correcticn for elevator
deflection under load; these corrections have hesn applied to the
hinge-moment data.

The left clevator, on which pressures were measured, was
attached to the stabilizer by means of friction hinges. The gep
betwsen the stabilizer end left elevator was sealed with shellac.
Twenty static-pressure orificeas were placed at each of four atations
along the span on the left half of the horizontal tall modsl. The
spanwise locations of the stations in percent of the semispan are
15, 40, 70, and 90. The apovroximete chordwise locations of these
orifices at each station are shown in figures presenting pressure-

P
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distribution data. Trim tabs at fixed angles of deflection of 0°
and *10° could be-fitted into the trailing edge of the elevators as
shown in flgure 1., Thls type of construction gimuletes hinged trim
tabs with the gap sealed,

The model was supported in the tunnel Tty meens of a vertical
support plate which 1s described completely 1n reference 1.

TESTS

All 1lift and vitching-moment;, data were obtalned from pressure-
distribution messurements, and all elevator hinge-moment data were
obtained by use of the electrical atrain gage. The meagurements .
vere made for angles of attack from -6 to 5° for an elevator
deflection of 0°, and for angles of attack from -2° to 5° for
elevator deflectlans of 12,59, 150, .10°, and -15°, Some of the
tests were repeated with trim tabs gset at deflections of 10° on
the elevator. The Mach number range extended from 0.40 to 0.90
(corrected values). Deta are also shown for an wcorrected Mach
number of 0,925. The Reynolds number based on the gsan aerodynamic
chord of the modsl {0.519 fg) varied from 1.25 X 10° at a Mach
number of 0.40 to 1.92 X 10° at a Mach number of 0.90. Tests were

mede with a 3--1nch-wicle strip of No, 60 carborundum grains glued to

both the upper and lower surfaces &t the 10-percent-chord atation of
the model 1n order to determine tha effects of fixing transitiom,

REDUCTION OF DATA

The teat data presented herein have been corrscted for tumnel-
wall interference. A complets description of the corrections 1s
given in reference 1. The corrections have been applisd to &ll data
obtained at Mach numbers up to and including 0,90. The magnitude of
the corrections was found to be very small, the maximum correction
to the Mech number belng approximately 1 percent The maximum
corroction to the dynamic pressure was oxly about 2 percent,

The tunnel choked at the model at & Mach mumber of 0,95,
Numeraus tests have indicated that the data cbtained in a wind tunnel
when 1t is choked at the model are not apvpliceble to the prediction
of the aserodynemic characterigtica for free air (for example, 866
reference 5) and therefore no data are pressnted for the choked
condition. There wag algo a percentible tendency towards choke at e
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Mach number of 0.925., The results obtained at this Mach number,
even if completely corrected for the usual effects of wind-tunnel
wall interference, may not, therefore, indicate the flight
characteristics. The deta which have been included herein for a
Mach number of C.925 are therefore considered to be of uncertain
value,

RESULTS AND DISCUSSION

Pressure-Distribution Megsurements

Pressure distributions for the ho-percent-semiSPan station for
elevator deflections of 0°, 159, and -15° and a .tab deflection of 0°
are praesented in figures 2 to 5. Similar data for the LO-percent-
semispan station and the 90-percent-semispan gtation for an elsvator
deflection .of 0° and a tab deflection of ~10° are shown in
Pigures 6 and 7. The data shown are considered to be representative
of the changes that cccur in the pressure distributions for each
spanwise station and, in general, for the chordwise chenges in
" pressure distribution diie to control surface deflections. The
effect of control-surface deflection on the chordwiese pressure-
distribution diagrams is shown by ccmparing figures 3 to 6 with.
figure 2. The effect of teb deflectlon on the chordwlse pressures
at two spenwise Btations can be seen by comparing figures 6 ‘and 7.

Normal-Force Characteristics

The chordwigse-pressure-distribution diagrams have been Integrated
to obtain section normal -force coefficients and piliching-moment
coefficients. These coefficients have been used to determine the
spanwise variations in eection loadings and pitching moments. The
spenwise variations in section loadings for elevator deflections
of 0°, *5°, and -15° with the tab deflected 0° and for an elevator
deflection of 0° with the tab deflected *10° are presented in
figures 8 to 13. Figure 14 illustrates the spanwise variation in
spen-loading ratio for elevator deflections of 0° and 59, The
theoretical curve for the span-loeding ratio has been obtained by
uge of charts presented in reference 6, The effects of compressibility
on the spanwise loading for various elevator deflections (figs. 9
to 11) are seen to be similar to the effects of the data shown for
zero elevator deflection. (See fig. 8.) Of more significance,
however, 1s the fact that for all the elevator deflections (fig. 1h)
no adverse spanwWise shift in loading occurred up to an uncorrected
Mach number of 0.925. The effect of tab deflection on the spanwise

SHMESNEE e
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loading cen be seen by comparing figuree 12 and 13 with figure 8.
The tab extends from the root to the 50-psrcent semispan station,
and this erea 1s principally affected by the tab.

The spanwise load distributions have been integrated to determine
the total normal forces . The variation of normal-force coefficient
with Mach number for several angles of attack and control-surface
deflections i1e presented in figure 15. The variation of normal-
force coefficient with Mach number for a range of angle of attack
and elevator deflection with the tab deflected 0° and with trensition
fixed on both surfaces 1s shown in figure 16 . Large changes in the
normal ~-force characteristics for elevator deflections in the renge
of *5° generally occurred sbove a Mach number of about 0.85. The
slope of the 1ift curve (fig- 17) also showed a decrsase above &

Mach number of 0.85. The decrease in lift-curve slope Cy, vas

accompanied by & negative shift in the angle for zero 1ift. The
high Mach numbers attalned before these changes occur is due partly
to the low aspect ratio (reference 7) and to the emall thickness
ratio of the harizomtal~tail model.

Figufé 17 also phowa the effact of compressibility on the 11ft-
curve dlope CNB produced by deflectlon of the elevator. TFor emall

elevator deflections, the slope CN5 increased up to a Mach number

of 0.85 and then decreased rapidly. In éeneral, the elevator was
effective in producing changes in 1ift for all elevator deflectians
tested up toc a Mach number of 0.85; however, for small elevator
deflections (t5°) the effectiveness was reduced. (See fig- 15.)

The control surfaces were effective in producing chenges In the
loading over the stabllizer anly when the local velocitiea over the
8tabllizer remained subscnic, When the flow over the airfoll was
largely supersonic, deflection of the control surface had reletively
little effect on the suporsonic flow shead of 1t. (See reference 8.)
This effect was particularly true for the smell control-surface
deflections (& = ¥5°). Although some control effectiveness was
indicated for all elevator deflections at speeds conslderably above
the critical speed, a better degree of control effectiveness cen be
maintained by resorting to large elewator deflectione. Figure 5
shows that for an elevator deflection of -15° for angles of attack
of 0° and -2° and up to & Mach number of 0.909.the pressures on the
upper surface were increased so thet no supersonic velocitles exiated
on that surface. For this condition, deflection of the elevator
produced changes in locading over the stabilizer upper surface. As
shown in figure 17, for a large elevator angle {-10°), the valus

of CN5 increases &t Mach numbers above 0-%5, vhereas for small angles

e loss of effectivenesse 1s noted, The large angles, however, require
the applicatlon of large hings moments which may be beyond the physical
capabilities of the pllet,
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The elevator effectiveness factor 'aa, which is the ratio
of Oyy to Oy, 1s shown in figure 18. Tor emall elevator

deflections the elevutor effectiveness decreasel from e value of 0.67
at a Mach number of 0.4%0 to 0.48 at a Mach mumber of 0.85 and to a
value of 0.15 at an uncorrected Mach number of 0.925.

Trensition was fixed at the 10-percent-chord station in order to
determine the aesrodynzmic cherscteristice of the horizontal tail with
a turbulent boundary laysr such as might sxist over a full-scale tail.
The most notable effect of fixing the transition was the reduction in
the lift-curve slopes Oy, and CN5 (fig. 17) and in elevabor

effectiveness ag (fig. 18).

Pitching-Moment Characteristics

Pitching-moment coefficients, based on the mean asrodynamic chord,
which indicate the twisting moments that may be encountered on the
horizontal tail are presented in figure 19. The variatioan of
pitching-moment cocfficient with Mach number (below a Mach number
of 0.85) for various’sngles of ettack and for elevator deflections in
the renge of 50 (fig. 19) ie genorally small. For angles of attack .
of 0° and -2° and for elevator deflections of -10° and -15° the
pitching-moment coefficiente showed & continuous positive increase
throughout the Mach number range. The. varistion of pitching-moment
coefficient with normal-force coefficient for & = 0° and &y = 0°
is shown in figure 20.

Elevator Hinge-Moment Cheracteristics

The variation of hinge-moment cosfficient with elevator
deflection 1s presented in figures. .21 to 23. Figures 24 and 25,
which wore obtained from figures 21 to 23, show hinge-mbment-
coefficlent verietion with Mech number snd hings-moment-coefficicent
variation with angle of attack, respectively. The hingo-moment-
coefficient variation with elevetor d¢flsction, Mach number, and angle
of attack with trensition fixed is shown in figures 26, 27, and 28,
respectively. . -

No largs changes in the elevator hinge-moment coefficlents
occurred for small elevator deflections up to a Mach number of 0.85.
(See fig. 2k.) At greator Mach numbers merked changes in the hinge-
moment characteristics occurred for all elevator deflections.
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The effect of compressibility on the usual hinge-moment ’
parameters

<a“ 8=0°, 8,=0°

ach>
8 / 4=0°, 8,=0°

with Mach number with and without transition fixed is shown in

figure 29, These slopea are the average values for anglee of attack

from -1° to 1° and elevator deflections from -1° to 1°. In general,

the hinge-moment parameters indicated little variation below a Mach

number of 0.825. In the range of Mach number from 0.85 to 0.925

the hinge-moment parmmeters showed large and irreguler veriations. "
Fixing traneition made the parameter chu s8lightly more negative,

the peramster Gh6 less negative, and lessened the severity of the
compresaibility effects on both these parameters.

Viguel readings of the strein-gage recording instrument were
made In order to determine the magnitude of the hings-moment
fluectuations., Low-fregquency hinge-moment fluctuations were abserved
which, at a Mach number of 0,90, amounted to approximetely 10 percemt
of the wvalue of hinge-moment fluctuatlon reported ln refercnce 9,

Data on average resultant pressure coefficlent AP acrosa the
elevator seal are shown in figure 30. The resultant pressure
coofficient AP across the seal may be used 1n designing the balance
of an Internally sesled elevator. In general, the variation of the
resultant pressure cosfficient with elevator deflectian 1s approxl-
mately linear for elevator deflections from -6° to 5° up to & Mach
number of 0.878, TFor the larger slevator deflections, & decrease in
resultant pressure coefficient per degree of slevetor deflection
occurs, At the higher Mach numbers, that is, 0.905 and 0.925, a
decrease In resultant pressure coefficlent generally occurs for
elevator deflectians from -8° to approximately 5° with en increase
for the lerger negative elevator deflectioms.

Tab Characteristics

The ability of the tab to produce changes in elevator hlnge-
moment coefficlents s shown in figure 23, The tab effectiveness Cha
t
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is presented in figure 31 which showe that theo tab is effective
throughout the Mach number range., Of -asrticular interest, however,
i8 the effectivoncss of the teb when used a3 a control trimming or
balancing device, The rate of change of clevator deflection with

tah deflectlion to produce zero elevator hinze moment =
Cu=0

's shown in figure 32. In gensral, the tad was effective in

trimning the clevator throughout the Mach numbor range, ‘Because Ch5

incrcased at a much fastar rate than ch& at Mach numbers greater
t .

than 0,85, however, it was found that approximately 30 percent morc
tab deflection was necossary to balunce the elevetor at a Mach
number of 0,50 than wes required at a Mach number of 0.40.

SUMMARY OF RESULTS .

Teats of a horizontal-tail model with-an unbalanced slevator
indicated the follow*ng resulte:

1. For -emall. elsvator'duflections -and for Mach numbers up
to 0,85 there wero no adverse changes in the lift-curve slopes,
control surface cffectivencss, and hingﬂ-mcment paramoters.

2. At Mach numbers in the rangw of 0. 85 to 0.90 the velues of
the lift-curve slopes end the elevator cffectiveness decreased
rapidly, and the negative value of the clevator hinge-moment
parametor Chs ‘neresscd abruptly. The tab, .Howaver, retalned its

effectlvcness in produc;nrv incrcmsnts ‘n élevator hinge—momenf
coefficients throughout the Mach number range of the teats.

3. Fix ng trensition at the 10- -pereont,»chord ptation on the
upper and .lower aurfaces reduced the values of the lift-curve slopes
and the elevatcr effectiveness. The value of the hinge-moment
paramoter Cha was alBo reduced threughout the Mach number range .

Langley Memerlal .iercnsutical Labaratory
Natimnal advisory Comitiee far fierenautics
Langley Field, Va
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TABLE I

DIMENSIONS OF BORIZONTAL-TATL MODEL

Horizontal tail:

Airfoil Bection « « o « ¢ « « « o o NACA 65-108
SP&I]-, feet . . [ ] L ] L L ) L] o L] . L ] . . . - [ 4 L 4 - 2
Gross area, SqUATE f88t « o « « o« o « « o 0.993
M' AI C L ] , feet . . L] ] - . - L ] L ] L) L ] * L ] L) O .519
Aspectr&tiO..-..-......-.- l;..O}_
Taper YEEL0 o v s + o s « o 2 s o o o 2.0L:1,00

Elevator:
Spa-n, feet L ] . L] * L] * » L] » . [ ] L ] L] a * L ] l L] 979
Gross area of elevator behind

hinge axis, sguare feet . » « ¢« s « « o« 0.297
Root-mean-square chord, fe6t « « o« « « o « 0.156
Ratio elevator chord to airfoil chord  « 0.300
Trailing-edge angle, GegreeB +« « « s o« o o« 9.5

Tab:
Numberoft&bs..-..-....--..-.2
Spanofe&chta'b,fee'b.-.......-0-}4—91*
Totel ted area, squars feet . « « . + » o 0.057
Mean chord, fest . . . « . v o e o o o 0,055
Ratlo tab chord to elevator chord e v » o 0323
Ratio tab span to elevator span . « + « o 0,50

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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DIMENSIONS OF TIP SHAPE OF HORTZONTAL-

TATL MOIEL IN INCHES

ESymbols defined in figure 11

Plen-form contour of tip
Distance from - | .
tip-x - | 8 g
0 : 1200 . ) -1.200
010 - - 41885 ) -~.664
620 1.697 - .07
L050 1.6%0 -.080
.080 2.110 145
.100- -1 2,193 . . 266
.200 2.493 .678
" 300 2.67h .930
oo 2.791 1.083
.500 2.8715 1.185
600 2.932 1,24
.720 2.97L 1.273
Elevation contour of tip
Digtance from
tip x dil 44
e 0 : 0
-.010 031 .ok
.020 0h2 058
.050 .065 086
08 078 .105
.100 085 ik
.200 .110 J1hs
. 200 .125% .164
L4000 L3k 276
500 b1 .184
.600 .1h5 .188
.720 AhT7 o2

NATIONAL ADVISORY
COMMITTEE FOR AFRONAUTICS

—Ty.

LEL10b
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AN 15

TABLE IIX
ORDINATES FOR NACA 65-108 ATRFOTIL (INVERTED)

EStations and ordinstes in percent of wing chord.]

Upper surface Lower surface
Station Ordinate Station Ordinate
0 o} 0 0
526 /01 A7k -.651
1779 c720 .721 ’.7%
1.283 .890 1,217 -.998
2.537 1.173 2.h62 -1.359
5.041 1.587 k,959 -1.903
7.542 1.906 7.458 -2,330
10.0k2 2,17k 9.958 -2.690
15,040 2:595 1h.960 -3.267
20.037 2,91k 19.963 -2,710
25.031 3.151 2h,969. | -h,0h7
30.026 2,319 29.97h -4,291
35,019 3.423 34,931 -4, 153
ho.013 3.h62 39,937 -,53h
45,006 3.k26 bl ook -k 522
50,000 3.305 50,000 -k hog
54,99 3,090 55,006 -4,1836
59.989 2,801 60.011 -3.873
64,985 2,456 65.015 -3.486
70.000 2,063 T70.000 -3:043
80,000 | %1.378 80.000 | 2.2,031
90,000 8,689 90,000 | 8-1.016
100,000 ag 100,000 &g
! L.E. radius, 0,43k,
i Slope of radiua through end of
. chord, 0.,0k212

B0rdinates derived for straight-glde elevator
and trim tab.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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